Figure S1
From left to right: half of a large pore of NH 2 -MIL-101(Cr) highlighting the specific Pd 2+ -NH 2 bonding and DRIFT spectrum of the pristine, Pd(ac) 2 and Pd containing NH 2 -MIL-101(Cr) in the N-H vibration mode region displaying a slight shift due to specific bonding Figure S2 X-ray photoelectron spectra of the Pd(ac) 2 precursor (in blue) and the elemental Pd (in red) containing NH 2 -MIL-101(Cr) Figure S3 TEM tomography images of the Pd containing NH 2 -MIL-101(Cr), a) HAADF-STEM image taken at 0 degrees tilt; b) reconstructed volume; c) and d) ortho-slices through the reconstructed volume; some particles are present at the surface of the MOF host (examples shown in black arrows), others are clearly embedded within the host volume (examples shown in white arrows).
These distinctions can be made as particles on the surface appear exposed in certain ortho-slices while embedded particles appear in the centre of the MOF particle in every ortho-slice.
Figure S4
Raman spectra of the Pd containing NH 2 -MIL-101(Cr) under vacuum in grey and the pressure cell in black, the pristine NH 2 -MIL-101(Cr) in green and the Pd containing NH 2 -MIL-101(Cr) in red c) under 20 bar hydrogen and d) deuterium pressure at ambient temperature Under 20 bar hydrogen pressure, the appearance of a small peak at 994.5 cm -1 can be observed (left). Furthermore, when hydrogen was replaced by deuterium (right), another peak was detected at 698.3 cm -1 , representing an isomer shift by a factor of 1.4 (or ca. ). Such shift is indicative of the 2 formation of adducts with a hydrogen molecule or an atom. [20] , these various adsorption sites interact with hydrogen with various strength. Therefore, when the material is exposed to hydrogen, first the most strongly bonded hydrogen molecules will be adsorbed, continued by the second strongest and so on, until at high hydrogen pressures the volume of the pores will be filled indiscriminately. In addition, at low temperatures the adsorption sites can more easily bind hydrogen and thus the sample only needs to be exposed to smaller amounts of hydrogen to achieve high hydrogen adsorption or coverage of hydrogen binding sites. It therefore follows that when the sample is only exposed to a small amount of hydrogen (high temperature, low pressure) only the most strongly binding adsorption sites will be filled with hydrogen and so the hydrogen adsorption measured will be directly proportionate with the concentration of these sites. On the other hand, at low temperatures and high pressures the hydrogen uptake will be related to the total available pore volume.
The low temperature isotherm (left) reveals no great change in the hydrogen uptake for high loadings as the available pore volume did not change considerably on account of the low (0.85 wt%) Pd loading. On the other hand, in the high-temperature, i.e. low hydrogen loading, part of the isotherm (right) displays and increased uptake of hydrogen upon the addition of Pd. As this increase is only observed when the Pd added is in its reduced (atomic and particular) form, it can be associated with additional, strongly binding, hydrogen adsorption sites. Temperature-programmed desorption spectra of deuterium on a semi-logarithmic scale from the pristine (green) and the Pd containing (red) NH 2 -MIL-101(Cr). Note that desorption peak from the MOF CUS, which is over 20x the intensity than the 290 K peak; this is consistent with the Cr concentration being ca. 23x higher than that of Pd. 373, 524, 554, 1140, 1167, 1623, 1624, 1681, 2831, 3460*, 3573 , 3573 i denotes an imaginary frequency; # denotes that the mode is IR active only; * denotes that the mode is Raman active only. Electronic spin states in parentheses. 
